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b troduction

This report describes the design, fabrication, and test of both the TD-1288( )/GR(, 2-channel
transceiver multipl 'er, and the TD-1289( )(V)/GRIC, 5-channel transceiver multiplexer.
Respectively, these oiIutiplexers permit simultaneous use of two or five transceivers on a
single broadband antenna over the frequency range of 30 MHllz to hS Mlz. Both versions of multi-
plexers consist of (two or five) identical, manually tuned, 3-pole filter modules mounted on a
base. This base contains a 2- or 5-channel combining/matching network that allows the rf
output terminials of the individual filter modules to be connected together and operated on a
common antenna. US Army Electronics Command Development Specification, FL-CP0192-
0001A dated 22 March 1977, describes the physical, performance, and environmental
characteristics and capabilities of the multiplexers.

Although the contract required the development of a 2-channel multiplexer, a 5-channel
multiplexer, spare filters, and termination units, the design approach allows the basic
filters to be used in a variety of multiplexer bases that can accommodate from 2 to 10 filters,
thereby forming multiplexers with 2 to 10 channels.

The filter, for each channel of the multiplexer, is a minimum-loss 3-resonator filter. Each
resonator of the filter consists of a capacitively tuned helical resonator. Fixed coupling
structures are used throughout the filter. This provides a practical, simple, easily repro-
ducible design. The internal aperture couplings provide a constant coefficient of coupling
as the filter is tuned over the operating frequency range, thus providing a constant percentage
bandwidth characteristic. Input and output couplings allow a nearly constant terminal Q as
required for a constant percentage bandwidth filter.

The input coupling employs a fixed series inductor tapped into the input resonator. This
form of coupling provides good coupling characteristics along with minimum resonator fre-
quency shift. The output coupling is designed such that up to 10 filters may be connected
to form a multiplexer. This output coupling in conjunction with the interconnecting lines and
a broadband matching network provides the desired multiplexer performance. The matching
network is designed to be broadband such that no adjustment, tuning, or band switching is
required, as the frequency of the channels is changed.

Overall measured performance of the deliverable hardware is good. No tuning interaction
between the channels has been observed for frequency spacings greater than five percent. A
summary of the measured performance is presented in this report. Details of the Engineer-
ing Design Test (qualification test) have been presented in the Engineering Accomplishment
Report/Evaluation Report as part of this contract.

Detailed schematics of the filter and matching networks are presented. Constructional
details of the helical resonators, apertures, couplings, and matching networks are included.

Table 1-1 details the nomenclature assignments for the various pieces of equipment and
states the quantities delivered as unique items under this contract. Figure 1-1 describes
the configuration of modules for the 5-channel, 4-channel, 3-channel and 2-channel
multiplexers.

1-1
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ITable 1-1. Iqjuipuient Nomenclature.

QUANTITY BUIT ~ NONIFN('LA.TU'RF, I)I8(RIPTION

10 TDi- 128J( )(V)1 (1( 5-channel mIuLlt iple xer

Nonle TI)-1289( )() C{' 4-channel multiplexer

None TI)-1289( 3()/l -01ha1111 multiplexer

10 TD-1288( ' GRC 2-chiannel muI~ltilexer'

77* F-1482( )/CI{C Bandpass filter

1O* CtT-2207( ), GRC 5-chminel couplIerI

104,,4 CI C-22(3(("GI 2-channel coupler

6 mNX-100S0( )/C11( Termination unit

10C CY-7775( )/GRC 2-chiannel multiplexer transit case

10 CY-7776( )/GRC 5-channel multiplexer tran~sit case

-50 F-1.1S2( ) CRC filters are a part of the 10 TD-1289O( )(V)l GI{C 5-Channel

Multiplexers.

20 F-1-182( )' CRC filters are a part of the 10 TFl)-12SS1( ) GRC 2-Channel M~ultiplexers.

7 F-14182( ) "CRC filters arc spares.

"All 10 CU-2267( )/GRC 5-Channel Couplers are a part of the TD-12S9( )(V)1 GRC
5-Channel AMultiplexers.

**All 10 CU-22(6;( ),.GIIC 2-Chiannel. Couplers arc a part of thle TD-1288 GI{C 2-
Channel Mlultiplexers.
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MULTPLEIPLEEE TRASITCAS

TD-1289( )iV)1/GRC C.76 IR

BANPAS FLER TERMINATION UNIT
CU26()/GRC] G-42 RC MX-10080t )/GRC

F'igure l-l. X1liF' MultipleXer amily Tree.

F1-



CU-2266(-289 )/GC X-108( )GR

Figure 1-1.d V11 F Mltip1L'.xer Family Tree.

Although thle 2-channel multiplexer would perform satisfac-torily with one-c, triatio ni
a~ndt on N bandpas filterhs is forteprovntid unit armd coniguatinand filter doeseo ave
no assigned USAm ofgrtosadte t o aeasgidnomenclature.
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111 this seCtionl tile has iC idea's and dIesign concepts used illvtlpn tile del ixv i~ihl( (u -

*Illits IS i us US ,tc. Thu theorett ical basis is formulated, anld Measured data i p jf( (l~i

thercxvrf inl- achievemen'lt of pe rfo illmLil ce inl conlsonance With then r\ . Tht inlt I'l n iti0

an~d conlCepts haVC lVeen for l-.1ated OX er a period of S eVe cal VlalUs, a ld artC SLl 11fi (di il
this sectioni.

* 2~.1 PRIllLIMENARIY ('ONSII )RILTIONS

A primairv designl g'oal w as to (IkVtlop a mllUtipleXer that Would allow operationl Of up 1) 1t Il
tis ceive rs Onl a sin1gle b roadband antenna inl the 30-MI I /l to S S-Ml II/ frequencyN iiil-. V hi
has beenl accomplished 1) 'VUsing a Selective filter inl each com muflicationl channlel and ti in -
neUCtillg the filter oultpUts inl parallel through all appr'opriate comlbbling./matching iiet\\ (li.

Since various mltiplexer con1figu rations (number Of channels) are diesi red, it \\as advliat-
ageous to ulSe a.1 idenltical filter designi in all configurations. Also the matchino comblining
nietworks were developed to retain commonality in design).

Figure 2-1 depicts thle basic conlfiguration employed. Thel( matching network is in s:talled inl
a motuitig base. Thle filters aire remlov-able, inldividualy, from11 thle moun11ting( base. lPUs-h-Onl
connectors provide thle rf connection between the filters and thle matching netw~ork.

2. FfVL.TEH DFlrIcr

The first area of concern was thle overall filter design. Thle specification requires the
multiplexers to provide 40 dBf of port-to-port atten1uationl at a frequenlcy' spacing" Of five
percent. It is also required that the filters have the lowest possible ins-ertion loss in) a
minlimum volume. To achieve thle best Possible selectivity' Versus insertion loss a minimum -
loss design was used. The approach inl determining thle performance parameters and
arriving at anl optimum design is detailed below.

The filter is composed of parallel-tunedi circuits or resonators of quantity ii. Thle resonators
are coupled together by n-i coupling elements. It has been shown that thle minimumll -loss
condition occurs when all elements of the filter are eqJual. 1 Thus, thle equivaIlnt CilrCuit for
all resonators comprising the filter is as shown in figuire 2-2.

2-1
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The resonant frequency is:

1

The unloaded Q of the resonator is defined as:

Qu = I( It" L
0 OL

0

The admittance of the circuit is:

yc = 1L_+ j (joC 1)

The resonators are combined as shown in figure 2-3 to form a filter network.

Rt YO YO o Yo Vo

Eg YC-YO Yc-2yo YC-2Yo Yc-2 Yo YC-2Yo Yc-YO Rt VO

Figure 2-3. Filter With n Resonators, Equivalent Circuit.

The above network has been synchronously tuned as indicated. All but tile two end
shunt elements are equal to Yc-2yo, and all series elements are equal to Yo. There

are n-1 series elements and n-2 equal shunt elements.

The resonators are coupled together by an admittance Yo. Capacitive coupling is assumed,
that is:

Y o = j WoC 00 0

The type of coupling element used in the analysis is immaterial because of the narrow band-
width of the filter. Any form of coupling would give the same result for a filter having a
bandwidth of 10 percent or less.

A terminal Q is defined, that is, the Q of the end resonators loaded by the terminating
resistance only, and is given by:

Qt IJo L  It(= H t €oC

. 2-3
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The coupling coefficient is:

Because of the very narrow bandwidth of the filter', the following approximation is used:

U o (L- GI w here <

0

Thus, the admittance of the resonator becomes:

ye=Gt s + i2Qtul
The coupling admittance in the same terms is:

Y = Gtk QtjGt 1 Q
t t /1 QU

The two port network shown in figure 2-3 may be redrawn as shown in figure 2-4.

-2 Yo 2Yo 2Yo -2 Yo

0 4P- 0 %A 1 A-oA

5Yo YCy YCo

-20Y

[U] [V) [W]

\-- n OF THESE NETWORKS ARE USED

Figure 2-4. Filter With n Resonators, Resultant Equivalent Circuit.
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Using ABCD matrices 2, U, V, and \V become:

0- 10 - - 1 - I M

U 0 0

Yo t matrix ,/2

V =1 =

00

0 1 Y-2Y2 1 Y -2Y Y-2Y J2
0

1 i 0 1/2 -2--
1 2Y 2Y

0 0

0 1 Y 0 1 0 1

I tic complete network matrix is:

X = Iv nw\

Examinig the matrix V,

DtV=A -BC 2Y ° 0 (Y c 210( 2Yo + ._4Y~ 2

Thus, by the Cayley Htamilton Theorem3, V n may be written as:

V n = SI 1V - S 2

=sin nO sin (n-1)0 Y c
where: S1  sin S2 =  sin 0 ,Cos 0=2Y

0

2-5



Thus:

X = -n 
= S1 UVW - S2 UWV

1 Y Yec 1 __11Y 2 --" 4 2 2 2

1=S1 yS 1 - 2Y c Y

0

o 2Y 2 2Y
0 0

-S 2

1 y 1

o 2" o

r 1 1 10
i 2Y 2 2Y

X =s 1  -S2

_y Yo Y 0
0 2 2Y-0 0

1 0 0 S S___
0 y

0

X =S 1  -S2  =

ye I Yo0 0 S1Y c - S2Y ° S

The insertion loss of a network in terms of the ABCD parameters is:

L 10 lo A + D + BGt + C 12

2-6



Therefore:

4oog~ 12 + L". C~ - 1.2'* 2
t 0 t

The loss in the stopband (Is) is found from the above equation by assuming that thc dissipa-

tion loss of the filter offers negligible loss as compared to the selectivity loss; that is, the

unloaded Q is ifinit,.

Thus:

Ye = j2GtQtu

Y0 = jGt

Cos 6 = QtIT

The stopband loss is:

= 10 log 1 + sil0 n sin (+s-n) 2
2

s  (2 n s 26 2 nA

= 10 log 1- Cos 2 0O

The stopband loss may be writtem as:

1-a aTn2(a)

Ls = 10 log 2 where: a Qtt
1- a

and: Tn(a) is the Tchebychcff polynomial of the first kind.

The above equation gives the stopband attenuation for the minimum loss filter employing any
number (n) of resonators. Expansion of the equation results ii the following cxpressions for

various values of n:

n =1, LS 10 log I[b 2+ 44 1 

n=2,L = 10 log [b 4 +

nL 2-7



n =3, L = 10 log 1 [b 2 (b 2 _ 1)2 + 4]

n =4, 1, = 10 log L~[b 4 (b 2 - 2 )2 + 4

n 5, L = 10 log !-[ b 2 (b 4 - 3b 2 + 1)2 + 4]

n 6, L =10 log ~-[b 4 (b 4 - 4b 2 + 3)2 + 4]

W~he re: b = 2 UL

For the specified vlf filter, the specified stophand loss, Ls 40 dB, and U =0.05, cor-
responding to a 5-percent frequency spacing the required terminal Q to achieve this select-
ivity is computed from the previous equations and shown in table 2-1.

Table 2-1. Terminal Q Versus Number of Rlesonators.

N Q

1 2000.0

2 141.4

3 59.0

4 40.2

5 31.0

6 27.0

] 2-8



The loss in the passband (Lo) is found from the general loss expression when the circuit is
resonant at the operating frequency, U = 0. For this case the equations become:

Y G

o t Q

1Q+/Qu

C o s 0 =

j2 + Q
QU

L° °l~ Qu I+j
L=010 log 4 + j 2 Qt

The passband loss expression may be simplified to read: 4

2 n-I

04(u o 0- )

A very useful approximation for L < 2n dB is:0

L = 10 n log 1 +

The volume occupied by a helical resonator filter is approximately:5

V = 1.6 nS 3

Where: S is the dimension of one side of the resonator in inches.

In the case of the deliverable hardware, the various parameters were chosen to be:

n = 3, S = 2.25 inches, V = 54.675 in3

Holding the filter volume constant, the S dimension versus n is given in table 2-2.

2-9



Table 2-2. S-I)imension Versus Number of Resonators for a Total Filter
Volume of 54.675 In 3 .

n S (inches)

1 3.25

2 2.58

3 2.25

4 2.05

5 1.90

6 1.79

The unloaded Q (Qu) of each resonator is the parallel combination of the helix unloaded
Q (Qtt) and the tuning capacitor Q (Qc):

QIlQc
QU=Qtt + Qc

The tuning capacitor Q is assumed to be 5,000. The Q of the helix is given by: 5

QIt = 60S fs

Where fo is the lowest operating frequency in Mllz. The lowest operating frequency results
in the worst case efficiency for the filter, thus:

1650 S
5 + 0.33 S

Using the values of S given in table 2-2 results in table 2-3.

Table 2-3. Resonator Unloaded Q for a 54.675-In 3 Filter.

nQu

1 883

2 728

3 647

4 596

5 557

6 528

2-10
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Using the value of Qu from table 2-3 and the value of Qt from table 2-2, the it l.ncltiol lo..- of
the filter at resonance is given in table 2-4.

Table 2-4. Insertion Loss Versus the Number of Resonators for a Minimum Loss Filter of
54.675 In3 , Having 40 dB of Attenuation 5 Percent 1,'om the Operating
1" requency.

1 Lo (dB

1 5.139

2 1.542

3 1.137

4 1.134

5 1.176

6 1.300

The data in table 2-4 is plotted in figure 2-5. It can be seen that a 3-resonator filter provides
the best performance and least complexity for the given design constraints.

The results of this section shows that a filter employing 3 resonators (n = 31 yields the most
efficient design in terms of physical size and performance. The terminal Q (Qt) of each
resonator is designed to have a minimum value of 59. The terminal Q is also designed to be
held as constant as possible over the filters operating frequency range, so as to maintain a
constant percentage bandwidth.

The value of the coupling coefficient (used for internal aperture design) calculates to a con-
stant value of:

1T/ Qt 1 1

k = + - = = 0.01695
Qt Qu Qt 59

The actual value of coupling coefficient for optimized performance determined during the
development of the filter is 0.0183. The design data previously presented indicates the
rationale employed in developing the F-1482( ),/GHC filters.

2.3 OUTPUT COUPLING

The output coupling must load the output resonator to a nearly constant terminal Q (Qt) as
the filter is tuned from 30 Mllz to 88 Mllz. The coupling must possess sufficient physical
length to allow up to 10 filters to be grouped around the common junction point. The coupling
must be such that the shunting reactance of the off-channel branches have a reasonably high
value with respect to the on-channel resistive component at the junction.

2-11

44L

- A m



6 FILTER
INSERTION LOSS VS NUMBER
OF RESONATORS WITH
SKIRT SELECTIVITY (Ls) = 40 DB
AT 5% FREQUENCY SPACING.

5 FILTER VOLUME CONSTANT AT 54 675 IN
3

00 4

0

- 3
z0
a:

Z 2

a I I I I

1 2 3 4 5 6

NUMBER OF RESONATORS n

Figure 2-5. Number of Resonators Versus Insertion Loss.

Preliminary calculation indicated that the above conditions might be met by using a trans-
mission line for the output coupling element, provided the line is used as an impedance
transformer to give the proper reactance to resistance ratio at the junction. If a transmis-
sion line having a Z o of 50 ohms and a length of one quarter-wavelength is employed, and
the on-channel resistive component is kept low (r - 5 ohms) then using the equation for a
quarter-wavelength transformer:

Zin ZL = Zo
2

the impedance level coupled into the output resonator is approximately 500 ohms. Laboratory
investigation showed that the desired terminal Q (59) could not be achieved with loop coupling
at the 500-ohm level. Tap coupling, however, could provide the proper loading. The total
junction impedance is shown in figure 2-6.
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X r -" X I X 1 r

x y- 119-1

Xr COMPENSATING REACTANCE ADDED TO THE COMBINER JUNCTION TO RESONATE THE
JUNCTION AT THE MEAN FREQUENCY

Xo OFF CHANNEL IMPEDANCE AT THE COMBINER JUNCTION DUE TO 9 FILTERS
X REACTANCE AT THE COMBINER JUNCTION DUE TO ONE FILTER BEING ON FREQUENCY
r RESISTIVE COMPONENT AT THE COMBINER JUNCTION DUE TO THE ON CHANNEL

FILTER.

"igo ie 2-6. Total Junction Impedance.

The total impedance is composed of four elements in parallel. X o represents the reactance
of arn off-channel branch. Since one of the channels of the m1ultiplexer is on frequency in this
analysis, the remaining nine channels form a total shunting reactance of XNo9. Note that the
limiting case junction problem occurs for the multiplexer configuration containing the highest
number of channels, that is, ten. Thus, the analysis is performed for this case. An approxi-
mate equivalent circuit of an off-channel bratlch is shown in figmuie 2-7.

ZOL. FOL

Xo -------- X OFF 
=  

ZOH TAN OT ffoH

0

Figure 2-7. l.quivalent Circuit of an Off-Channel Branch.

The circuit consists of a contnecting transmission line having a characteristic impedance of
Zol and a quarter-wave resonant frequency of fo,. The line is terminated in the off-channel
impedance of the filter (Xoff). This off-channel filter impedance is assumed to be the portion
of the helical output resonator from the tap point 0 t to ground, the helical resonator having
a characteristic impedance of Zoll and a self-resonant frequency of foil" Again, laboratory
measurements confirmed that approximating X off in this manner is a ai rly valid
assumpti on.

The on-channel branch gives two components to the total junction impedance, namely, X and
r. where X is the residual reactance presented at the junction and r is the resistive compo-
nent at the junction. The equivalent circuit of the on-channel branch is shown in figure 2-8.

The circuit consists of a connecting transmission line (identical to those in the oft-channel
branches) tapped into the output resonator at 0 t. Capacitor ( tunes the output resonator
to the on-chanel frequency.

2-1:1
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,o.

FI'gu re 2-8. Equivalent Circuit of an On-C hannel Branch.

A compensating reactance (Xr is added to the junction So as to resonate the jtlleion ,It the

mean of the 30 Mllz to 88 Mltz band. In this case a capacitor is required to reso):ite the
junction since the transmission lines and Xoff are inductive. The corupens:tting capacitor
(C')l is selected so that:

Xtl = It = reactance at the combiner junction.

The junction resistance r is constant. A broadband matching network connected between the
junction and the antenna terminal is used to nearly cancel the junction reactance. The effec-
tiveiless of the broadband match improves as the ratio of Xt to r increases. If the I t r ratio
at the band edge is not appreciably less than one for the worst case (10-channel multiplexer)
an efficient match may be obtained. 7 Ifa suitable Xt r ratio can be achieved for the 10-

channel case. the ratio will be significantlv better for multiplexers using less than 10
channels.

Given the following requirements:

a. r is a constant

b. Xt 1,1r evaluated at the band edges must be greater than 1

c. Qt as flat as possible with a minimum value of 59

d. NXt 30Mllz equal to Xt 188 Mlz

e. ZoL equal 50 ohms

The following parameters must be determined:

a. The characteristic impedance of the helical resonator (Z oil

b. Tie self-resonant frequency of the helical resonator (f oil )

c. The quarter-wave resonant frequency of the connecting line (fol)

(I. The value of r

e. The angular position of the tap point (0 t)

f. The value of the compensating capacitor (Cr)

2-14
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ei~(tlig,11cri11g. (Cel opiii1clit 1) volo a I II, n w \,ItiswEe e teiiii 1 )C \ laliO Fato 0 \ ILI (1ld o

.1 These results then are Ppresentedill table 2-5.

TablIe 2 -5. Opt imum I ': F111mC e IS to I )LitI it (o~ pI I I , (' I Ci c t.

f ( IKlI i

.'II2 -. , I I i s

Ot 12. -1 dler

C 2-1 111

The anial\sis ifllUl(f '5 iS0iitoi' 111d(I t 1iile1tiii4 liare loss. The rcIc(,It:Intec ot 11o. on-cl-annlei
X) aN lhe nejlectcel comiparedl to thlt reactance Of thle otit chiiitels AOI. ISin- the \ :1i1 e

fol thle ph ' sital fli. t' tie (oimlectirl, t raliiiSic lnes wit : ' eflon dieluttrIt is- 111.7
inches. whicnh is mole than adequa:te to perm Ilit filterIC jteCOMIneCtionl.

Ali ou~tput resonator warI COI ISf tFU Ut d 11xit \ :1 ''' c Iia tctIi s t i cI i ped, in)cet of 2 9 ; ohmIIIs :10 a d

self- resonanat frequenc 'N of 109.3 M IIz. A comnect in 4ine 012 was tap~pedl Into thle helix. T he Ijie
was a metal jacketed coax liavin, a character istic impedance of 50 oims. The linle len,_tli
was 16i.5 inches and was tet oiinated inl a -ohio If load. The tap pointt was nojusted to g i %e

the best terminal Q characteristics. Vl' ue 2-9 -ives the reCsults Of this mea1suremlenlt. Thle

resonant fr'eCjaenICV Of thle coMneeti 04 li tie (fol. tVI wsin Ca so 1et to Ile 123 N1117.

Thle VaIlue Of' tie comipetisati ag capa citor (( r ) was det erin ied expel imentaly to equa Ii e the

Inlaga iti-ade of the off-channel reactaiice at the hamnd edgIres (:80 Mll Iiandi 7\l I l fol- C F2 1 p F,

\t 1 0ll N1 11 M8 -mI s ohlms

Fo 1, 10 chiaaiels, I- .286P2 x =-'\ 5 .333 510 = 0.732
9 1

For 5 channels, r T 7.2 8 GP x = L -120 85=- 1.6 1,

For 2 channels, r 7 7.286! x = Nt1. 48.00 82 G. .5SS
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ZOH 896 OHMS

OUTPUT
RESONATOR'

7 OHM
RIF LOAD

Z. 50 OHMS

~,21
-0 875 TURNS

FROM GROUND

DESIRED OT 59 FROM 30 MHZ TO 88 MHZ

FREQUENCY MEASURED

MHZ TERMINAL 0 O,

30 58 4
40 68 8
50 75 1
60 77 4
70 751
80 69 5
88 62 9

Figrure 2-9. Measured Output Terminal Q.

2.4 RESONATOR{ DESIGN

The requirements imposed by tile Output cou1.pli'g struLCture dictates that thle characteristic
impedance (Z01l) and thle self-resonant frequencN (foil) of thle helix both be controlled.

Existing nomographs and equation forIllUlati ots do not allow simultaneous control of these tw o
two parameters. Figure 2-10 defines the various dimensions of the resonator. The design
equations for the helical resonator are5:

n-1720 V Iog~ an:1dn

1) = 1.2 S and n is in turns per inch.

Eliminating n:

lo Z oil
1720 do ~ -__________

fbd -L 8 I d DI

D 1 1 8d 1- log T

2- 16



Solvin - for b:

(314760) ( 1 I lo 1)€314 ;0 (1 - ) lo

fol -I/.

The eCuations are most accurate when bd 1.5, therefore:

do, , I / Oil - ((12 (209840) (1 - )og

where foil is in Mllz

Vor the particular problem at hand:

((11 =109.3 MHz

/,(1ll 296 ohms

1) = 1.2 S = (1.2) (2.25) = 2.7 inches

T hus:

x 7x2 = k (1 - xl log 1

xx x 2.7

k = 2.40222

Solving for x gives:

x = 0.47101

Then:

d = 2.7x = (2.7) (0.47101) = 1.2717 inches

b = 1.5d = (1.5) (1.2717) = 1.9076 inches

Zoll 296
n 1

183d (1 - x) log- (183) (1.2717) (1-0.47101) log 0.47101

= 4.205 turns/inch
T = 1/n = 0.238 inch/turn

The total number of turns is:

N = nb = (4.205) (1.9076) = 8.021 turns

The wire diameter is: 5

_ 1 1
do - 1 = 0.119 inch

- 2n (2) (4.2049)

2-17
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SS

0 3S

do

7b 
H

o03S

Figure 2-10. Helical Resonator D~imensions.

The helix unloaded Q is:5

22 x- 3Ff =(20 (.2S 0.47101 - (0 *47101)3 r
220 5 - x 20 12S 1.5 - (0.47101)3

639.34 f;where fois in MN11z.
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A hlelix Was Const ructed hiving the tol lowi rig di mens ionls:

S = 2.25 inches

(o=0.125 inches

(I =1.312 inchies

I= 0.25

N = 6.3 turns

Thie values for T and (I were chosen to be consistent with the advanced development models
anld Utilize the same coil form. The nlumber of turns in the helix was reduced from a calcu-
lated Value of 8.02 turns to 6.3 turns to maintain a resonant frequency of 10(1.3 Mllz. This
was necessary (Ine to the effects of the dlielectric support, small dleviations from calculate(]
dIimens ions, etc.

The hielix is tuned to the operating frequency rangre bY means of a gas filled variable capa-
citor. The mini mum required] capacity is given by:

= 1 ob = - 106 - 1.931 pF

2 7ila oltanl (900 )(2 -)(88) (296 ) tanl (90 10.3

TFhe inaxil mum11 required] capa city:

1.0x -f 106 38.962 pC l ~ x 2 7-A lin 7011 tan l ( 9 00 f l )11.1 (2 ;) (3 0 ) ( 2 9 6 ) ta n ( 9o 0 i . )_
The range of the g-as filled vaiable capacitor as employed in the deliverable hardware has a
capacity rangoe of 1.5 to 45 pF.

The maximum capacitor voltage must be calculated using the resonator reactance slope
parameter (x) to obtain the equivalent inductive resistance (Xje).

At 30 Mllz:

00 =900 900 24.703 =0.4311 radians
fo1 1  109.3

+ 8 0.5+ 0.31 1.0677
=2 +sin 2 00 sin 49.406'

'p011 tanl 9 0 o 296 tanl 24.7030 2 .3 o m
XLe - 1.0677 12.3os
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At 8S Mlz:

Tf 8 -= 72.461 = 1.265 radians0o Ol 109.3

1 0 - 0.5+- 1.265 2.701
2 sin 26 o sin 144.922

Zoll tan 6 0 296 tan 72.4610 = 34G.75 ohms
XLe \ 2.701

The peak capacitor voltage is:

Ep V/ 2 PQtXLe P = 60 watts

At 30 Mllz: Ep = (2)(60)(59) (127.53) = 950.22 volts

At 88 Milz: Ep = (2)(60)(59) (346.75) = 1566.8 volts

The gas filled variable capacitor as employed in the deliverable hardware has a minimum rf
voltage rating of 3000 volts. The capacitor rms current is found from:

IC = 'P

At 30 Mhlz:

950.22

lc [ 1 0 62) 4.934 amperes
- 2 [2 (30) (38.9(;2)

At 88 Mfz:

1566.84
e 106 1.183 amperes

F2 2,7, 7(88)(1.931)

The gas filled variable capacitor employed in the deliverable hardware is rated at 15 amperes.

The helix surface area is:

A = d= 7r (1.312)(1.575) = 6.492 square inches

2-2)
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The Power dissipated in each resonator is approxi inatelv:

:; -antilog m 1( ) (1 1 1-
a. 10 ntilIog 1

TIhis results in a po%\er deISitY 01n the( surfaCe Of the( hl'i Of

4.606 - 0.709 watt in2

This Power (lensi tv is below the teconinmended 1MaITI11 mu' 1no watt per squa re i nch.

Tlhe complete resonator (hellix, dIielectric support, a A capaci tor I have a measuredl tempera -

ture coefticient of less than -20 ppm C' for a 75 'C temperature range. The measured
Unloaded Q (Qul of' the resonator is given in table 2-Gi.

Table 2-t6. Uesonator Measured U nloaded Q.

V 0 . Ml I I-z Qu

30 6i10

40 I

50 749

GiO 7 )7

70 s21

s0 847

88 S50

2.5 MATCHIING NE:TWOR{K DEKSIGN

Fr om paragraph 2.3. the design of the ou~tput COu~plingp structure reqUi red an rf load res is-
tance ( r) of seven ohmis to achieve a suit able x 'r ratio at the c'0111 mon junIctiO1 Pon 11t.

The matching network dles ign is thus dIivided into two di st inct tasks. One, a broadband
impedlance transformati on network to translate a 7-ohm resistive load to a 50-ohim resistive
load (antenna imnpedance). And, two, a r~eactance canceling network to optimize the \vwsr
across the oper ating fr equency range.
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A n:tworL is used for the resistance transformation rather than a broadband iron core
transformer because of the nonlinearities common to the transformer design. IM1) and
harmonic distortion would be severe in an iron core design since the network must handle
as high as 600 watts in the 10-channel case. The word "transformer" is used in this dis-
cussion as a matter of convenience and refers to a network that provides impedance
trai, w formati on.

The transformer is derived from a bandpass filter design having Tchebycheff characteristicF
The passband bandwidth must be at least 58 Mllz wide; for example, the transformer must
operate from 30 Mlz to 88 Mllz. Tihe input impedance is seven ohms when the output is
terminated in 50 ohms over the passband bandwidth. Selectivity of the network is immaterial.
The transformer action is incorporated into the network by repeated use of Norton's first
transformation as shown in figure 2-11.

C

I N

N-1 N-1
- C - 0 C

Figure 2-11. Norton's First Transformation.

PIrliminary calculations indicated that a 4-pole network (n = 4) would be required to achieve
a good match over the required frequency range.

The initial form of the network and the transformations are depicted in figure 2-12. Tile last
circuit in figure 2-12 shows the final form of the transformer. The next step is to evaluate
tile elements comprising the network. Since a crood match is desired across the frequency
range, a low vswr Tchebycheff prototype is selected. Let the passband ripple (LAr be
0.01 d13, this corresponds to a vswr of 1.1:1. The g parameters are: 2

go = 1.0000, gl = 0.7128, g2 = 1.2003, g3 
= 1.3212, g 4  0.6476

45 = 1.1007, ol = 1.0000, I-Ar = 0.01 dB, n 4

It is also known that:

10 - 75= -7.2857 ohms, N4 115 = 50 ohms7
Also:

N 4H5 = N 4 log5 = 50

2-22
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Ul cl L3 C

R OF iTC L2 TC4 L4 R

02 V
APPL Y NOR TON S T RANSFOR MA TION TO C1 SUC H T HA TC2 IS ABSORBED

CT C3

Ni 7 N121,3 N 1
2

N1 L2 N 1 L4 jI2R

Ni I1 91 92

W2

APPLY NORTON S TRANSFORMAT ION TO C3 SUCH THAT C4 /N, 2 IS ABSORBED

cl N1
2  

C3

Li N1  L'13  N 1
2 N2

1DN22 2N
2L j2N2

FOR A TCHEBYCHEFF DESIGN IT IS KNOWN THAT 91 92  93 94 THEREFORE N1  N2  N

THUS

cl
Li N N 2L3 N3

INA N22 + C3 N4 L4 NR

IN I1 9 1 92  -1 939

Figure 2-12. Rleduction of Transformer to Final Formi.
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The equivalent transformer turns ratio (.N) is therefore:

(so5) ( 7.2857)(1.1071 .50

F Ioin1 figuILre 2-12 the fractional bandwidth (w) nway be fbLind as:

W F9 192 4 (0.7 128)(1.2003) =1.2143
1- 0.5802

Also:

f 2-f I f 2-f1

F-or equal gLiardbands above 88 NM1z and below 30 Mh1z it requires that:

f2 S 30 - f

Ihu5.

fi 5 - 4w 2  28.379 Milz

f2 11S f, 9.t;21 Mhlz

to r1 f I 2  50.4317 Mh1z

Wo= 2 ?r to 0.3 169 x 109 radians second.

The element v'al UeS for the network shown in figure 2-12 are calculated as ShOWn In figur e
2-13. Figure 2-14 shows the final experimentally determined values.

The second dlesign task is to detetn i e the reactance cancellation networks. T o provide
reasonable element v'alues, the cancel lati on networks are i nsertedl between the broadband
trans former and] the antenna terminal rather than at the conmmnon unto. Iheds L ,ni

per formed lor three cases; for example, a 2-channel, 5-channel, and aI 1 0-channel multi -
plexer . Multiplexer s contai ninrg di ffe rent number of' channlel s would have can cl Lit tion net -
work coniplexitY falling between those presented.

2-241
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L C2 L3  C4

R 03

R0  7 2857.

L 1 R0 (07128)(72857) 134962 nH

I 1 -(T144 (10316W)

C (N-1) 05802l)1 2144)n1000) 270 9453 pF
1 91 0 R0 N 0 7128) (0 3169) 17 28571 (1 5802)

c _____(1 2144) {1 000OC 2 - i24 I0 - 467 005 pF
2 g R0 -0 N (0 7128) J7 2857) (0 3169) (1 5802)

N2 R0  (2 4970)j1 2144)(7 2857)

L2 92 (1 20031 (03169) 580846 nH

93 R0 N2  
1 32121 (7 2857)12 49701

3L (1 2144) (03169) 624634 nH

C3 (N-l) 10 5802) 1 2144) (1000) 58 5419 pF
93 -0 R0 N

3  
(13212) 10 3169) (7 235713 94571

C1 - - 0 2144) 10001 100 9026 oF
4 R0 -o N

3  
(1 3212) 0 3169)17 28571 394571

0 N4

0 N (1 21441 7 28571 (6 23491 2688178 nH
4  4 -0 0 6476) 103169

R* 95 
N 4 

R0 11 10071 16 23491 (7 28571 50 OHMS

THE FINAL COMPUTED NETWORK USING STANDARD VALUE CAPACITORS BECOMES

Figure 2-13. Broadband Transformer ('alculations (1 Virt 1).
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135 470 625

285' 150'0 58 56 - 28

INDUCTANCE IN nH CAPACITANCE IN pF

l'i- ure 2-13. Broadband Transformer ('alculations (lPart 2 .

L 1 430 L1 00

- 28,7 15 1 16 50:

ALL INDUCTORS FORMED WITH ,14 SILVER PLATED BUS

L0 230

- 65 --

L? TURNS 0 390 ID 0 100 C-C TURNS SPACING

1. 2 TURNS 0 390 ID 0 170 C C TURNS SPACING

14 5 TUJRNS 0 51L) jD 0 104 (- ( TURNS SPACING

Figure 2-14. Broadband Transformer, Final \aluies.

IFro1m 0 Fal,'s work, ! ; a i illi 11111 in1sertioll loss Itwo'k 'esullts hen:

tanh na tanh Ill where: (d - sinh a
cosh a (011 Iv) C Sinh 1)

e: (I- 2 5 sin2,i

II the ahtIove (quatils n is te tI nLI)er (f elements comprising the low-pass prototype net-
w(r k. 1 1 is the cast. where no matching network is required. b is the x I' I-tti0 e:1aluated
at the Ihan( edges.
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The mal[Iximllumll passhand loss t ax is evatltited ill tile followinig maler:

lor, n 1: d = sinh a, e - sinh h, e (1 -2 8

tailh a tatihi 1) sinh a sioh I6 si ih a sillh )
cosh a cosi 6 cosh-2 a coh I 7+sih 2 a 1 '- sih 2 b

t 0I d- 26

1 (12 2 "- 1 , 12  1 +-(2  -- (1 + 4 2

lor the 2- channel olultiplexer:

2 t r.5- (from section 2.3), let, n I

121 5 & 2 1 1 _ 88.307 0.024,s (ill

10 lo. 25 52 + 1 .10 80

A o.. r ax

10
If = 10 " 1.005727

\swrillax 211 - 1 ± 2 /11(II - 1) 1.163:1

'his is an excellent match. Thus we can conclude for the 2-channel case no matchinl net-
work is required. and the transfformler output can be connectel directly to the a ntenna
terminal.

'or the 5-channel lultiplCXer:

= , 5 1.64706 (from section 2.3), let, n = 1

32 + o 2 + 1 4 1 6.8865 03541 rIB
(l,.,lima -10 I-t. . . = 10 1 oo - 0.,5 1(I

25 52 + 1

(LI.Ai0max

11 - 10 1.0849

\sWrmax = 211 - 1 + 2 11(11 - 1) 1.7770:1

2-27
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Liu %S\V I- iS tju.itC high1. Try n 2

Llo 1w.10Im -17423t (i.o"2i7 1B
.17 1::)

.max

H loi 103 1.uot; ;s

V Swtr 211 - 1 2 r' ihil 1) 1.170:1

Thusl'- it Canl I)C con c'1,LudCtl thalt al sinle sC Cie S tinl(( edCi ICuLit (1,2 ai C-2) conn111c'00 I lt\%\ ten
the( c2o11mon1 j~tnCtionI p)Oint am1( the t tanllS fo Ill rl will p tovNitk the' dkSi ted deg'J- lee ' of maching
The eILemen'It VALues fol Ilh 5- ehannel nmching tiltwOl-k ale( compu)Lted inl fig'U c 2-15.

5-CHANNEL MULTIPLEXER

CALCULATION OF ELEMENT VALUES FOR AD3DITIONAL MATCHING SECTION

in -2. 1 164706 H 1 006168 11 30 MHZ f12 886MHZ R 50 OHMS

d H -I -VH 1  
s, 12 73291 2 12 77212 1

snr 1 619438 2 42612

D d - 1 2 42612 1- 1 08314

6sin ~- 1 64706 sin

LETTING go 1 -1 1

g, -1 1 0607142

to ,F, , 1/301 1881 51 38093 MHZ 0, 0 322836 x109 RAID SEC

1 21f1 58 1 128823
1 51T 38093

k 12 1 1 D? 1 (( 17319 ))2 712811 1 85680

2 2

22 0 47772.93 5- 1 17335
g, Ilk12) 2D6 92

X' L 2 R (0 47 772) (50 21 16008 OHMS

L XL 21 16008 65.544 nH
o 0 322836

c 1 1000 1636p
X c 0  (21 16008) (0 322836) 1636p

F'iguret' 2-15. Matchitng Secctionl FVlment M-)te Piflittatiolli
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Ilht final formii ol t h enIllln.'l tciii cetwo k ie-ivi i Iiui -1.NtI
'Idditionl o li o I puhe. eij -a tifllg capaicito i at thc collll) jLleCtliI. ih-jp.u(itol la~ a 'i I of

c%- l)(' r \huit 1 is thet nlIul~j~tI of chnel -otilp Ji iii theC Iltipl-Xe I', aiid C i- I (j;il 10
2-4 pF t101)) t Il 2 u-5).

TheC WctuaA co11monent VAlU-' d ill the( tia-,tIfoll I- 1 and mIItehinlg I t\twoihs diffiL r V I..
sjihIxinl thet de-liVe a'ble aiw c(a agip .) '1i.> i> Ilut to t ~o fa tol, 0 o1(

i taidall id11 value(apitOis a1' Ll t-il, aifl t\%O, s-Olt C011)1p( Wsaiol)01O miJCiI ahi '- Na apct
.4 Ald indulcttnce iS FCIiuii-d. Tluetrau-hii %%CF \\cc djlulttcd toi' it iliflillklll I' itln 10-- of

21 dB3, this- col ''sponId, t0 a ifl:L.\ilun)l %5\Vl- of 1.204:1.

7Y 50 OHM
6 ANTENNA

0

430 pF

7 50 OHM
7 nH XMFR 050 OHM

0I ANTENNAI150 pF 430 pF

0

5-CHANNEL MULTIPLEXER

Figure 2-16. Final CouplerI Con1figura1%tionl.

2.6 D1PUT AND) INTFHNimu ccOupiLUcG

rhlI inpu)t cou~pling a cranlIgemen~l Imh-i hi-in (ticr inil cXpe inim(-tallV . The( lllost suit1)1 c
methAlod of scvcrail triied is, a tappe)d coup)Ilng to theC ilnut reson :ito r with a se lies coipeils al tinl"

induILCto i. This; arrangemnlt gives a fairly eons tant te i-Wninli 1, Q Qt), anfd CMIuSes little fre -
(lIlCuNc shlift to be inltroduced into the input resonlator. The heclix is t -ippid 250 deg ics firnm



the gi ounld ('11d. thC COIIf1)('11 Ziatill, ifldlUkt() 1 i Ct01) Os(C of' 11t W IlS Of IILIIIhe i' 1'l a1,gil)Ct

vi rt , el0St. %Ounld , with a1 0.25 inich 11) and 0.323 inch leflgth. Ji1h measu,111(' rel ecwtance. of the(
conipcn sating coil is 29i Ohms at :t) N1 1/_ Figu et 2-17 prsnsthe Iflsl SIe'd termlinlal Q
for this confiljllatiol).

HL 'C AL ni SONAI~OR
Zo H : it OHMS

fOH 9 .

1 
~50 OHMSf_ 

4

TRANSCEIV ER,

WHERE 360 REPRESENTS ONE
RuOM ORO(,ND TURN OF THE RESONATOR COlL

DETAILS OF -54 'HINDUCTOR 6 TURNS NO 18 MAGNET WIRE 0 250 INCH
D X INCH- LONG

JETHE~ dT 59 FROM 30 MHZ TO 88 MHZ

FREQUEN.C\ MEASuRED
MHZ TERMINAL 0 OT

40 8 3
50 ;- 0
60 .

so 58 0
88 58 3

Ficiure 2-17. \leasur(II- Inpu)It TermIlinal Q.

AA I- trecouplin~g is uIsed for- the tWO injternal,1 couplings. This form of coupling can bc mlatte
toarevery closelv w~it h the desired value. Fori a constant p cent agew hanldwidth filterI the

coefficient of coupling should remainl a constant value over the ope raing frequen e( range
InI this case the magn1Iitu~de Of theC COupling coefficient is app~roximately 0.017. Fig"ure 2 -1S
p resents the meiasured couling for' the tIepiCted conIfigurat,'ionI.
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,,4--- 1 125-

APERTURE 0 406 ---

WIDE WITH A 2 00
FULL RADIUS AT
EACH END

y-T
0 500

DESIRED K 0 0183 FROM 30 MHZ TO 88 MHZ

FREQUENCY MEASURED

MHZ K,

30 00172
40 0 0175

50 00179
60 00185
70 00192
80 00199
88 00205

Figure 2-18. Measured Couplihg Coefficient.

2.7 TUNING METHOD AND DCIIMUNATOR DESIGN

\ block diagram of the filter is shown in figure 2-19. Two discriminators, a forward/
reflected power discriminator (directional coupler), and a 90-degree phasing dis crimin ato r'
are employed to tune the filter. The use of two discriminators results in perfect tunes,

that is, a symmetrical response shape.

The filter is basically tuned for minimum reflected power. The phasing function assures
that the correct minimum reflected power point is used. The forward power indication is
used as a monitoring function only.

Figure 2-20 shows a simplified schematic of the directional coupler. The reflected power
detector operates in the following manner: a current sample is taken from the transmission
line by means of a transformer. This provides a voltage across the load resistor propor-
tional to the line current. This voltage is applied to the anode of the diode. Simultaneously
a voltage sample is applied to the cathode end of the diode (derived from the capacitor
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TUNING
CONTROLS

TRA"NSCEIVERI OUTPUT TO COMININGMATCHING
DIRECTIONAL RESONATOR CENTRAL RESONATOR /NETWORK
COUPLER AND RESONATOR AND

_ COUPLING i
C O U P L IN G  

T

IPHASING

REFLECTED POWER O

FORWARD POWER METER

Figure 2-19. Filter, Simplified Block Diagram.

50 OHMS 50 OHM TRANSMISSION LINE 50 OHMS
(TRANSCEIVER) (FILTER INPUT)

FORWARD REFLECTED
POWER -POWER

Figure 2-20. Directional Coupler, Simplified Schematic.
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divider). The transformer phasing and circuit constants are set up so that when the trans-
mission line is terminated in its characteristic impedance (50 ohms), the two samples arc

equal in phase and magnitude; thus, th. diode does not conduct and the reflected power output

is zero. Any deviation of the terminating impedance from 50 ohm s causes this balance to
be upset. The diode then conducts proportional to the unbalalce, giving a ic output voltage

proportional to reflected power. The forward power detector works in essentially the same

manner except the current and voltage samples arc 180 degrees out of phase. This results

in the dc output voltage being a maximum when the transmission line is terminated in 50

ohms. Other values of terminating impedance cause the dC output voltage to vary proportional
to the forward power.

Figure 2-21 shows a simplified schematic of the phasing discriminator. This is a conven-
tional 90-degree discriminator. The voltage sample V 2 appears in the secondary of the
transformer as two equal voltages but, 180 degrees different in phase with respect to the

center tap. The second voltage sample V 1 is connected to the center tap. Thus, when V1
and 1 2 have a 90-degr(e relationship, the de voltage appearing across the potentiometer is
equal in magnitude and opposite in polarity with respect to the wiper of the potentiometer.
The total voltage across the potentiometer is zero. As the phase relationship of the two
voltages change the total voltage across the potentiometer is either positive or negativ,
dependington heter hea og s e by more or less than 90 degrees. The magnitude

dlepends on how greatly 'the angle between the two voltages differ. A bridge rectifier is
connected to the output of the discriminator, this provides a unidirectional voltage output for
the metering circuitry; for example, the output voltage of the bridge circuit is zero for a
90-degree phase relationship between V1 and V 2 and positive going for any deviation from
90 degrees between the two voltage samples.

COUPLED FROM V COUPLED FROM V2INPUT RESONATOR SECOND
RESONATOR

PHASING
OUTPUT

Figure 2-21. 900 Discriminator, Simplified Schematic.
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Section 3

Deliverable Equipment

Details of the 2- and 5-channel multiplexers in regard to physical configuration, electrical

design, and measured performance are presented.

3.1 GENERAL I)ESCRIPTION

Figures 3-1 through 3-3 depicts the possible configurations of the TD-1289( )(VYGIC Multiplexer
by additionofthe Termination unit MX-10080( )/GRIC. Figure 3-4 depicts the TD-1288( )/GIC
2-channel version. They consist of identical bandpass filter modules and an appropriate
coupler (mounting base) which houses the combining/matching network. An antenna connector
(type N) is located on the right side of the coupler. The rf connectors (type BNC) for connec-
tion to the transceivers are located at the top of the rear surface of each bandpass filter.

Push-on rf connectors are used to connect the outputs of the bandpass filters to the matching
networks located in the coupler. Figure 3-5 shows a 2-channel coupler with the filters
removed.

Figure 3-6 shows a 5-channel coupler with the filters removed.

Four screws are used to retain each of the bandpass filters in its position on the coupler unit.
Two screws are located on the lower front edge of the filter, the other two screws being
located on the rear surface of the filter just below the transceiver connector. The controls
and connectors associated with each filter are protected by panel extensions, and in the case
of the output connector, by the carrying handle. The overall weight of the 2-channel multi-
plexer is 17 pounds maximum, while the 5-channel multiplexer overall weight is 37 pounds
maximum.

Termination Unit (MX-10080( )/GRC) was also developed as part of this contract. This unit
can be considered a filter simulator which should be substituted for a bandpass filter when
one filter position of the coupler does not contain a filter. This unit has a push-on rf connec-
tor identical to that on the bandpass filter. Two screws are used to secure it when in position
(figures 3-7 and 3-8).

Each bandpass filter has three tuning knobs and associated tune frequency indicator dials.
Each knob has an integral knob lock. Tuning is accomplished by setting tile three knobs to
the desired frequency (indicated by the frequency dials), applying rf power and fine tuning by
using tile power and phase selector and meter to ensure minimum reflected power and phasing
error. The meter located on the top of the front panel of each filter is used to indicate for-
ward power, reflected power, and phase error. A six-position switch to the left of the meter
allows selection of these functions in either 60-watt or 6-watt ranges. (See figures 3-9
and 3-10.)

Each multiplexer is supplied with a transit case. The case is constructed of fiberglass and
contains shock absorbing foam, properly shaped to protect tile multiplexer when in transit.
The 2-channel case contains a 4 lb/ft3 density polyurethane foam, and the 5-channel case has
a stiffer 2 lb/ft3 polyethylene foam. The case has been designed and tested to protect the
multiplexer from a drop of four feet. (See figures 3-11 and 3-12.)
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F jgure 3-2. 4 -Channel NlultD-i
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Fi,"ure 3-3. 3-('hannel Multiplexer (TI)-1 289( ( \)3 '(AW ).

F'igU re 3-4. 2-Chiannel MUltiplexer Figinv' 3-5. 2-Ciannl Coupler
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Figure 3-9. Bandpass Filter, Exploded Vic,\ (F-11-2!) I I2.

Higoure 3-10. Bandpass Iilter, Rear \'ie w (F- 1 Is2( ) GI(C).
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F'igu e 3-11. 1' ransit Case-5-( hannel FigIue 3-12. Tr ansit Cas--hne
iMlItip~le'XCr (MY -7776;( ) GIIC). M.\ultiplc.xer (CY-77771 i(

TD-1289( )(Vi GAG SPECIFICATION LEVEL

20

1 9 _ -

1 8

-J

0.9

30.0 44,5 590 73 580
FREQUENCY. MHz

Figrure 3-13. AMeasured Insertion L.oss for the TD -1 2S9H )( V)1 /(',11 5-(liannel Multiplexcr.
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3.2 NIl AS1 k(I Ii PII 1I )W(.\\ Il

A1t'nIatuuMnll, :11 V' iil(l~Cd aidi1,1 Vi~ e dt-F lte troiii t he IngoL'i leri n., .\c(oinll I shmlent
I \ aliationi tepoit. I his data rt esit csvthu be('lst caset aind worst case dhata from t he I f coiu-
11Iiiniicioiis c-hannels (1 two InuLtileLXti S. The t U lto Llind in fig LIUrS 3-13 thr ouigh 3-15

u% 'l\ od Itii n r eie tests \\luth were puilioici "Ite tHa- requiredl eni oionienl tes~ts.

I II 3-1:1 Slho\\ tilt non11 mumIII Illaxinil IinHStItioi hISS whenCl Measured fI'om trVanSceiver'
pot! to anitennla port. The nsertion loss mieasuremnent results lie between 1A1o and 1.7 dli.

I he inoslu rM t ran)SUVceitr POrt to tr1 ns chei r port attt'iuation is shown in figure 3-1 4. The
da ta was oltained In tuni ng two tilteCrs to maintain :1 five-percent frequency spacring, injecting
all on -ihiamoiel si Inal in one filter, and measuring the feedth rolugh signal at the other filter.
I he HIn InoIIII attenuation Iniasureil was 45.3 di.

I Iu iIC 3-1 5 shlows thle volt age stamnil n wave rato nmeasu red at the trans ceiv\er inputs.
\leasiireineiis indlicatedl vswr variations from 1 .Ot to 1.5n.

Ill add1tion tom previ ous tests run under I aborator ' aml~ient coili ios, a series of en vi ro-
lemit al tes;ts were Pter formed onl one 2 -channel and two 5-channel multi plexeris. 'The tests

per toti ml i ncltudts: 8:1 vsw r load test, imnimersi on, bench hlandling, loose cargo bounce tes,
t rauisit drop, vibration (Sie) (intended to verify that thle equipment would withstand field1(
tansport 1) military' Veiles), fungus, low temperature, high temperature, altitude, (lust,

1 11,11lit\1. ra i, and salt fog,. 'The results of these tests (procedures, m easured data, discus -
si on of resuilts,. etoe were presented in the Engineering Accomplishment Ealuati on Report,

LOEB d.w cd 21 NKovenbe r 1979. A fter i Ocorporation of modifications to stiffen thle foaln in
lHa, -cohannel trans it case, the unit passed the transit drop test. Bloth multiplexer s met all

the eo ir ii coet al test criteria specified except for the fung1us requirement.

Inovestigati on has revealed that there is no fungus inhibitor in the forest green enamel paint
per MIl.-F-5279SA. This resulted in a randomi fungal growth over much of the surface of
the te'st unit, including knobs and lock screws where o rganics such as oil and skin particles
arc eaisi ly ciiibed led.

Unfortunately, ti~s initial fungal growth was cause for concern and] judged] a failure. II ow-
ever, thle fungal growth noted did not affect the performanice of thle mul.1tipleXer, and thle
giowth0 was not considered exces sive. No co rrective' action was requested by the customer,
nior was anly initiated b3y the contractor.

One problem encountered, however, during the Engineering design test was the observ'ati on
of interniodulation distortion "A~ID) at levels beyond those speciftied in US Army Electronics
Command Specification EL-('P0192-0OO1A. Te first measurements dluring the test indi catedl
levels as high as 98 dlI below the output carrier level due to a GO watt input signal. (Tile
maxim-um allowable speci i ation level being 120 dBi below the output carrier level. After
extensive testing and substitution of v'ari ous parts of the mrultiplexer, it was dleterrnined that
thle IMI1) was generated by the variable capacitors located in the helical resonator cavities.
13y replacing the spring contact fAntgers inside these capacitors with those at ain improved
physical configuration and i ncludinmg a gold flash on the contact Surfaces, the IM ID perfor -
mance specifi cation of -120 dil was met, as evidenced by thle data included in fig"ure 3-16i.
H owever . relaxation as requested in production contract l)AAK80-80-('-02ti2 is ant i ci Patt'd
to ensure a tnanufactu rable product After verifcaion of improved IM I) perform ance inl
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these tests, the vendor speciticatiori on the Xa ri:ihle capacitor was revi sed to require the
1Ol flash oii tile coritact surflaces. It slIould be ioted, however, that test results i ndi Icate the

required MI) performance is at levels where (lit tv rf connectors, nonlinear rf loads, poor
assembly teichniques, etc, will result in intermodulation components beyond the specified
levels. In fact, this parameter will be checked ard tested randoMily (urig the first pro-
(luction run to verify what IMI) performance is achievable in a production environ ment.

3.3 PtHYSI('AI. CONF'IGUVRATION

An exploded view of the bandpass filter, F-1482( ) GIR is shown in figure 3-17. The filter
case, -ear plates, rear cover, and front panel are aluminil. In this figure, the gear traini
cavity is observed, and( it is noted that the front panel contains the metering ci rcuitry, tuning
knobs, and frequency dials. Behind each tuning knob is the associated gear train whiicli
translates the rotatory motion of the knob into the linear force necessary to adjust the
variable capacitors to cause resonator resonance at the desired tune frequency. The circuit
card assembly visible in the figure contains the phase discriminator. Immediately above the
phase discriminator card is an opening through which hard wires carry the dc signal from
the power discriminator ip to the switch and meter located on the front panel.

Fi.ure 3-18 shows the rear of the bandpass filter with the rear cover removed. The output
connector and output resonator are on the left. Ground connections of each resonator helix
are \isible. The input coupling inductor, L7, is visible in the right (input) resonato r com-
partment. To the right of this figure, the power discriminator printed circuit card and
transceiver connector can be observed.

Alaxi mum overall dimensions (inCILiCling knobs, connectors, and mounting flanges) of the band-
pass filter are 2.5 inches wide, 9.3 inches high, and 9.8 inches deep. The weight is approxi-
mately 6 pounds. An outline drawing of the bandpass filter is shown in figure 3-19.

Viglre 3-20 shows the 5-channel combining network. This is a view into the interior of the
coupler from the bottom, prior to foaming the assembly. Five 16.5-inich long, connectin.g
coaxial cables and the matching; network are visible. Note all connections are soldered to
reduce interm odulation distortion to the lowest possible level. The metal jacketed coaxial
lines have sleeving installed over the outer conductors. This sleeving used is to prevcnt
possible pressure contacts from occurring during the foaming operation. Foaming of this
assembly eisa res a rugged assembly capable of withstanding vibration and shock levels
experienced dluringe field transport by military vehicles. Since this assembly consists of
highilv reliable passive circuitry, maintainability is not sacrificed by foaming.

Figure 3-21 shows the 2-channel combining network. It is similar to the 5-channel network
except it !ms two connecting coaxial cables.

Maximum ove rall dimerisions of the 2-channel multiplexer are 7.4 iniches wide, 11.1 inches
iihi-h, and 12.3 iiches deep. The maxi mum weight 17 pounds. An outline drawing of the 2-
channel Multiplexer is shown in figure 3-22.

Iigu, re 3-23 is an outline drawing of the 5-channel multiplexer. Maximum overall dimensions
are: 1.0 iniches wi (e, 11.1 iniches high, and 12.3 inches deep. The riaximum weiglt is 37
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3.4 S('11:MATICS AND) ININGi PROcI)vI J:

St-henaties of the I,'-141,2( ) (IJC landpass Vi'jtei, including" thle power discerinu natuil ;(n Oil
phas ingi dIiscriinnator al- ic shown ill fign f e 3-24, 3-25.~, and 31-26~.

Schematics of t he 2- -hnel and~ 5- Channliel colup el-S a 'e Shown1 in) f'i ieS :3-27 and :3-2-.

Table 3-1 ,i%,fes a step-by-step tunlingl pl-ocedure- for' theL inultiplexeil S.

2:44

03

z -

2

< 42

4G ___________SPECIFICATION LEVEL-

30 45 60 75 88

FREQUENCY. NMHZ

Figure 3-14. Mdeasuried Tr ainscei vei Port to T'ransceiver Port Attenuation.
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Figure 3-15. Measured \S\V1 at " laC~sc'(iver Iapat.
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101)

INTERMODULATION LEVELS OF
THREE FILTER COMBINATIONS
VS FREQUENCY FOR A FIVE
CHANNEL MULTIPLEXER
TD-!289 UNIT A41

SPECIFICATION LIMIT

0
co

m

130

0

0 140
2

z

150

! III 1III I I I

30 40 50 60 70 80

FREQUENCY (MHZ)

Fi gUre 3-16. intermodulation Levels of Three Filter Combinations vs Frequency
for a 5-Channel Multiplexer With Improved Variable
Capacitors (TD-1289( )(V)I/GIC Unit IA).
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*1its

3'gie:- 17. Bandpass Filter,, Exp1oded Vie%\ ( F-1 Th-2( ) RC).

Figure 3-18. Bandpass Fiterc, Rear View (F-1-182( )/GRC).
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1.1irv 3-21. 2-Channud Coupler, Inteio Vic,%% x (CtU-226(;( ) I&
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TUNING KNOBS

RESIST 4NNCE, OHMS

CAPACITANCE. pF Q
INDUCTANCE. nH

L8. L9. AND Lb HELICAL RESONATORS 5 5 1 - 5
z 296 ft 109 3MHZ 888 I 8

0 0

L71
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HF - RF

N _ _ C7OUT

0 810 08.10

L 5 L6

0 33 0 33

10K 0

3CR

-'-o
LNI7 1 0 01 N5 1I.., 711 41

OUPTC 4 2 GRN C1 C2 11

CR 15N9 '6 01 , C4 42 00
L1

RESISTANCE. OHMS 
2

CAPACITANCE FRFLCE
FORWAR INDUCTA TNC ,H

~~~Figure 3-2 . Schematic, P hasng iscriminator.toa ope)
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C4 t

L 1 430 L310

Cl C2 C3 L2 5 9 4

- '~'24 '1'150 C'110 C'62 L

J2-

NOTES
1UNLESS OTHERWISE SPECIFIED. CAPACTA>J

~ji ~ VALUES ARE IN PICOFARADS
2 C9 MAY BE ADDED IN TEST AS REQUIRED

[' LQ:-27. Selicniatic, 2-Chaiicl(iu~x(~ 2I~

C7

C4 L

Ll 430 L3100 J

C I C 2 C 3 L 2 C5 1 C922

J3 1 UNLESS OTHERWISE SPECIFIED. CAPACITANCE
0 VALUES ARE IN PICOFARDS

2. C9 MAY BE ADDED IN TEST AS REQUIRED

Figure 3-28. Schematic, 5-Channel Coupler' (CU'-22(G7( )/GRC).
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l,1Iil 3-1. 'liiili P0CeiLiie for1 VIII" MNltiIilVXxei.

1. 11110 to kli II.( CheCk thiC lOH lin (on1ditiolS:
1I No) other V itt S ) 1-C ttiiltCt to, oy- witlIiif n5Of tHeCI frLeuiC ihiiitit to lhV asc."(
2. Hft power inpat to each haiidpass lilteri will not exceed a ioilil1 i 10ii \ ittIs.
:3. IThe anitennia connlector 0o' the(_ coupler iiiSt he conniected to ai it-ohm

lilotidlndi antennia ori i 50-ohii loadl.

II. ( iia se Ian i ng b efore appliing if power:
I I 1OCk I nillng knob01S A, 1B, and C b\' tiii ni ng I ock knobs) LMIOian c cii iikw .

2. I SingL t \10) nAo nos., 11, andi C', set t he desiried frecjneii1C. inl th li V cent '
tie (Ii,1 wxi ilows.

83. Set the ineli function switch to the GO watt (i;O\\ t reflected power i
poisi I Iion.

111. Uf Timmii wi.~ithi I poxvei applied:
ho :ixoiih C'qiMinCiit (hau1MLge, (coniplete it taiM1ing Steps 1 tlii i thinl
'lppiFiXi uiitV\ 1 111i nate.
1. lve\ the triscei\ er to applY if1 powcei
2. Adujust tlin- knob A\ fIm miitiiinIu CHflecti )O\\Ci NS iiiihiCteil h\ :1

uiiiniiiitiiii1 raldil ii l 1110 ti. .ijUSt Wtuing k110b H. nail then [ tli1ii1ig knoll
fol ai Iliii iiiii reflectedi powel 1.

3. Set thc eOt(l functi on swvit ch to Go) watt (60i\\ i IIMSt 10) vI i ti i. A.\d ist
tuiii'i kioli 11 Ior vero phiase errov.

/e i'0 phase ti rot wVil hIe indii cited l vi vei'o ieilil ii onl the
iiitCYe With alVU verY 1-1 s pal-SCale iltflVccti-n M)i eitherl -ide
of the Zerio point.

4. lieturui the mleter fan11Ctionl switch to the OM)\ -R I)OSitiOii. lxC:idjtis-t taiiiii1 _
knlobS A 111l (' fti ill~iillM ittil jlO\Ct~ tI~o.

5. Hepeat St eps :3 Miid I mi1t iiI lie lowest ic 0 ecterl power am nil o pill st err lr
are attained.

G. Set the unetei funcMtionl Switch1 to Gi watt i\treflected powel (R positionl.
lReIIhjUSt tIMi n kno~bs A* and C for minli liuiu reflected p~iixvc.

7.Set the iiieti fuictioii swvitch to the w Natt tWphase (0) position. A-d just
an i n;g knol)B 1 1 forO zeophaSC error1.

S. Repeat steps 6 aiid 7 uint il thle lowest refl ected powe an 7l e mo phase vil ror
are atta ined. Tuni ng is complete.

9. LOCk\ theC thiiee tUiing1 knlobs wvith a fi noer-tiiJt iotati on ot the lock knob).
1)0 11ot Lise tools.
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